background. Ungual melanoma is the most serious disease affecting the nail. The majority start with a longitudinal brown streak in the nail. objective. To outline the different nail pigmentations, their differential diagnoses, treatment, and prognosis. method. Clinical and histologic evaluation of dark nail pigmentations. conclusion. Brown to black nail pigmentation may be due to different coloring substances of exogenous and endogenous origin. Exogenous pigmentations usually are not streaky or do not present as a stripe of even width with regular borders. Bacterial pigmentation, most commonly due to Pseudomonas aeruginosa or Proteus spp., have a greenish or grayish hue and the discoloration is often confined to the lateral edge of the nail. Subungual hematoma may result from a single heavy trauma or repeated microtrauma which often escapes notice. The latter is usually found on the medial aspect of the great toe. Although oval in shape, it commonly does not form a neat streak. Melanin pigmentation in the form of a longitudinal streak in the nail is due to a pigment-producing focus of melanocytes in the matrix. Neither the color intensity nor the age of the patient are proof of benignity or malignancy although subungual melanomas are very rare in children and malignant longitudinal melanonychia is usually wider than 5 mm. Hutchinson's melanotic whitlow, nail dystrophy, and a bleeding mass strongly suggest malignancy. Treatment is as conservative as possible in order to keep the tip of the digit; once the melanoma is completely removed, amputations have not been shown to prolong the disease-free survival time.
SINCE ABOUT two-thirds of ungual melanomas start with brown to black nail pigmentation, their exact diagnosis is of utmost importance. However, a number of different pathologic processes may cause such discolorations and must therefore be excluded.
The term of melanonychia means black nail ( ⑀ -␣ o [Greek] black, o [Greek] nail), it is not identical with "melaninonychia." The brown to black color may be due to exogenous substances, bacterial, mycotic, and blood pigment as well as to melanin. The demonstration of blood does not rule out a tumor, such as a melanoma or carcinoma, because advanced malignancies may ulcerate and bleed.
Exogenous Pigmentation
Most exogenous brown to black pigmentation due to dirt, tobacco, potassium permanganate, tar, etc. do not present as a longitudinal streak. Most of them can easily be scratched off. Manganium dioxide that is responsible for the permanganate staining can easily be reduced to a colorless compound by 5-10% ascorbic acid. The histopathology of the nail plate usually does not show these pigments.
Silver nitrate, especially when used for cautery of granulation tissue may exhibit a jet-black stripe adjacent to the lateral nail wall. However, its color is usually too dark, its medial border is not regular, and the adjacent skin of the lateral nail wall is also stained. Histopathology shows densely arranged black granules superficially in the nail plate that turn more brown in deeper location and disappear at a depth of approximately 200 m. 1
Bacterial Pigment
Most bacteria producing a gray to black pigment belong to the group of gram-negative pathogens, most commonly Pseudomonas aeruginosa , Klebsiella , and Proteus spp. They cause a pigmentation that usually originates under the junction of the lateral and proximal nail folds or in the lateral nail groove and may eventually spread over most of the nail plate. The medial border of the discoloration is often irregular, gradually fading off to the more medial part of the nail plate. If the pigmentation is streaky, the stripe is usually wider proximally than distally, indicating its proximal origin. A greenish hue suggests an infection with P. aeruginosa . The color rapidly recurs when scraped off; this material is also suitable for bacterial culture. Histopathology of the nail plate reveals bacteria on the surface, or sometimes also the undersurface. Persons with wet work, including operation room personnel, are particularly frequently affected and may pose a risk for immunocompromised subjects.
Mycotic Pigment
Some strains of dermatophytes may produce a soluble, non-granular melanin that imbibes the nail plate and stains it brown to black. According to the distal-toproximal extension of most ungual dermatophyte infections, this pigmentation is commonly wider distally at the hyponychium than proximally, and the black streak may have several pointed extensions proximally. Histopathology shows a diffuse yellowish-brown pigmentation of the nail substance and also fungal hyphae in the subungual keratotic debris. This melanin may be either argentaffin positive 2 or negative. 3 Black molds such as Scytalidium dimidiatum , Aspergillus niger , Exophiala , Wangeriella spp. and Alternaria alternata usually cause a more diffuse brown nail pigmentation.
Blood Pigment
Blood is by far the most frequent cause of dark nail pigmentation. It usually does not pose a diagnostic problem. Subungual hematomas due to a single acute and heavy trauma have a typical history, and in case of a hammer blow or a crash injury from a door, there is often a leukonychotic area over the hematoma. These hematomas do not reach the free margin of the nail.
Hematomas due to repeated minor trauma, most commonly from friction of shoes, may take an elliptical shape mimicking a longitudinal streak. Very rarely is a true longitudinal band seen when long-standing friction caused a proliferation of capillary vessels very superficially in the nail bed. These vessels readily break and bleed. The extravasated erythrocytes are included into the growing nail and slowly transported distally. Diagnosis is commonly easy when applying a drop of immersion oil on the nail plate and using a strong magnifier lens or dermatoscope showing tiny globules of dried blood. A small disc of nail plate may be punched out after immersing the foot for 10 min in warm water which renders the nail softer. The dark pigment is positive for blood with the pseudo-peroxidase reaction (Hemostix test). 4 However, it must be kept in mind that advanced tumors may bleed and also give a positive blood test. Histopathology reveals lakes of blood that are peroxidase-positive, but Prussian blue-negative.
Melanin
Melanocytes are normally present in the nail matrix and nail bed although they usually remain functionally inactive in Caucasians. When they become active and produce melanin in amounts that can no longer be degraded by the keratinocytes of the matrix, melanin will continuously be enclosed in the growing nail plate to give rise to a longitudinal light brown to black band. A rapid enlargement of a subungual pigmented lesion may be seen as a stripe that is wider in its proximal part; estimation of the nail growth rate and measurement of the difference in width proximally and distally allows an exact calculation of the growth of the pigment-producing lesion. Pigmented lesions in the nail bed usually do not cause a longitudinal melanonychia but shine through the nail as a grayish to brown to black spot.
Melanocytes are more active in the distal nail matrix and more strongly dopa-positive than those in the proximal matrix. 5 Greater density of active melanocytes makes most longitudinal melanonychia (LM) originate in the distal matrix. The more distal the origin, the deeper the melanin is within the nail plate. Histopathology of nail clippings permits identification of the origin of pigmentation within the matrix by staining them with Fontana-Masson's argentaffin reaction.
Melanonychia longitudinalis may be due to benign melanocytic hyperplasia, lentigo simplex, melanocytic nevus, atypical melanocytic hyperplasia, and acral lentiginous melanoma (ALM). The nature of the melanocytic lesion responsible for the brown band cannot be determined by clinical examination alone. Neither the intensity of the color, the width of the stripe, nor the age of the patient are predictors of the dignity of LM. Further, there are many conditions causing non-melanin nail pigmentation, and about a quarter of subungual melanomas are amelanotic.
Benign Melanocytic Hyperplasia
Benign melanocytic hyperplasia shows an increase in melanocyte activity and/or number causing a circumscribed pigmented macule in the matrix. Melanocytic hyperplasia in the matrix may also be induced by repeated trauma such as X-irradiation and friction. 6 A circumscribed increased number of normal looking melanocytes is found in the matrix in the Laugier-Hunziker-Baran syndrome. 7
Lentigo simplex and Melanocytic Nevus
Lentigo simplex is characterized by a considerable increase in highly active melanocytes accompanied by epidermal hyperplasia whereas melanocytic nevi show nests in addition. Melanin pigmentation may vary considerably in intensity. Most nevi are junctional, and periungual pigmentation may be seen, particularly in children. [8] [9] [10] Congenital melanocytic nevi do not pose diagnostic difficulties. 11 They are usually excised to prevent exceptional secondary malignant melanoma, 12 however, even spontaneous fading of 'nevoid nail area melanosis' was reported. 13 The malignant potential of small congenital nevi, particularly of subungual nevi, and the relationship of childhood lentigines to the evolution of nevi and melanomas are still unknown. 14 Blue nevi were not seen to produce a longitudinal melanonychia.
Atypical Melanocytic Hyperplasia and Subungual Melanoma
Atypical melanocytic hyperplasia characterized by an increased number of melanocytes with larger, hyperchromatic, pleomorphic nuclei, more prominent nucleoli, increased mitoses, and long branching dendrites is considered to be incipient malignant melanoma in situ. 15 Most melanomas of the nail region are of acrolentiginous type; 16 superficial spreading melanoma (SSM) is infrequent and primary nodular melanoma is very rare. A questionnaire survey of 108 cases of subungual melanomas in Japan showed ALM in 80%, nodular melanoma in 15%, and SSM in 5%, 17 but classification is not always possible. 18 Approximately 1% to 3% of melanomas in Caucasians, [19] [20] [21] 15% to 20% in blacks, 22 16% of the melanomas in Mexicans, 23 10-30% in Japanese, 17,24 17% in Chinese, and 33% in American Indians 25 are ungual melanomas. Since melanoma is rare in blacks, the absolute number of ungual melanomas in Caucasians and blacks does not differ significantly.
LM is found in 90-100% of deeply pigmented races. Subungual melanoma commonly presents with an alteration in color intensity and width of LM, with the pigmented band showing an indistinct border, sometimes widening rapidly, and turning jet black rather than the normal brown. 15 The diagnosis may be aided by comparing them with the brown streaks in other nails or by occurrence of Hutchinson's sign.
Diagnostic Measures in Longitudinal Melanonychia
An in-depth history and physical examination usually allows the various exogenous causes of a single dark band to be differentiated. Subungual hematoma is most frequent and easily distinguished from LM. Bacterial pigmentation is superficial and can be scraped off. Fungal pigment stains the nail plate diffusely. Silver nitrate staining may sometimes be linear. It also grows out. Histopathology shows jet-black granules in the superficial layers of the nail plate. 1 Foreign bodies can usually be identified using a dermatoscope. Subungual keratosis due to an equivalent to seborrheic keratosis is differentiated histologically. 26 Since two-thirds to three-quarters of all nail melanomas begin with nail pigmentation, any acquired brown streak in an adult fair-skinned person must be con-sidered to potentially indicate (early) melanoma until clearly proven, e.g. by histopathology. One-quarter to one-third present as amelanotic tumors, often mimicking chronic paronychia, ingrown nail, or granulation tissue. A mass below the nail usually leads to nail dystrophy and eventually partial destruction or total loss of the nail. 27 Many melanomas begin as a longitudinal melanonychia of variable width running through the entire length of the visible nail. After months, years, or even decades, the streak widens, becomes heterogeneous in its transverse diameter, and its borders become blurred. As mentioned before, neither the width nor the intensity of the brown pigmentation are proof of, or exclude subungual melanoma. The distribution of LM and subungual melanoma is remarkably similar.
Hutchinson's melanotic whitlow is an irregular brown pigmentation spreading from the matrix and nail bed to the periungual skin. It represents the in situ growth of subungual melanoma. It has been shown to be a valuable clue to the diagnosis of ungual melanoma though periungual pigmentation may rarely be due to benign lesions. 27 A dark spot can appear in the nail bed that finally becomes nodular. Its color may vary from flesh-colored to brown to black. Pain is rare.
Subungual melanoma may also be simulated by subungual hematoma, and trauma sometimes leads to the diagnosis of a pre-existing ungual melanoma. Subungual melanoma following a single injury to the digit was observed in several cases after an interval of 9 months to 7 years. [28] [29] [30] It has to be stressed that any erosive bleeding tumor will give a positive benzidine reaction which is therefore not adequate to rule out a melanoma.
Biopsy for Longitudinal Melanonychia
It is our policy to biopsy all acquired LM in adults. The potential of postoperative nail dystrophy should be discussed with the patient though this is often exaggerated. Depending on the location within the nail and the width, different techniques are used. 4, 27, 31, 32 Lateral longitudinal nail biopsy is used when the pigmented band is located in the lateral third of the nail plate. An en-bloc resection of the entire pigmented area including proximal nail fold, the underlying matrix, nail bed, hyponychium and nail plate is performed. The primary incision starts at the distal dorsal crease of the distal interphalangeal joint and is carried down to the bone, running 1 mm parallel to medial border of the LM. The second incision starts at the same point but is carried through the lateral nail groove. The tissue block is dissected from the bone, and the defect is closed using back-stitches to re-create the lateral nail wall.
Punch biopsy is used if the streak is not wider than 2.5 mm. A 3 mm punch may be used to remove the focus of pigment cells from the matrix. If this is located distally in the matrix, the proximal nail fold is retracted and the punch is run through the nail at the very beginning of the LM. A 2-3 mm wide rim of nail plate should then be removed around the punch hole in order to be able to inspect the matrix, since often the pigment spot in the matrix is bigger than expected. No suture is necessary for a defect up to 3 mm. Postoperatively, a narrow reddish streak is often seen. Marginal recurrences are frequent.
Fusiform or crescentic matrix biopsy: Streaks wider than 3 mm require a scalpel biopsy. The proximal nail fold is incised longitudinally at both sides, freed from the underlying nail plate, and reflected. The proximal quarter of the nail plate is avulsed to show the extent of the melanocytic lesion. A fusiform or crescentic excision with its long axis perpendicular to the nail's longitudinal axis is performed. The matrix is gently undermined and sutured using 6-0 monofil resorbable material. Care has to be taken to avoid tension because the stitches tend to cut through the matrix tissue. The proximal nail fold is laid back and sutured. Postoperative nail dystrophy depends on the size of the excision necessary to remove the entire lesion.
Tangential matrix excision: 32 Since several studies have shown that most LM are due to lentigines or junctional nevi [8] [9] [10] we have developed a virtually scarfree matrix biopsy technique. The matrix is visualized as described above. The nail plate is cut transversely for about three-quarters at the level of lunula border. The proximal portion is separated from the matrix and reflected to one side thus permitting to see the entire pigmented lesion. Using a #15 blade, an incision with a safety margin of 1-2 mm is carried around the lesion that is then removed with tangential sawing motions. This gives a specimen less than 1 mm thick which is put upside down on a piece of wet filter paper to be transferred into the fixative. The elevated nail plate is laid back over the matrix and fixed with a mattress suture. Finally, the proximal nail fold is stitched. Healing has been uneventful and without postoperative nail dystrophy in all 12 cases thus operated. If the lesion turns out to be malignant, total nail ablation can be performed 3 days later.
Ungual Melanoma and Longitudinal Melanonychia
Ungual melanoma should be suspected when LM:
♦ begins in a single digit of a person during the fourth to sixth decade of life of later (however, melanonychia due to subungual melanoma has even been observed in children), ♦ develops abruptly in a previously normal nail plate, ♦ becomes suddenly darker or wider (than 5 mm), ♦ occurs in either the thumb, index finger, or great toe, ♦ occurs in a person with a history of digital trauma, occurs singly in the digit of a dark-skinned patient, particularly if the thumb or great toe is affected, ♦ demonstrates blurred, rather than sharp, lateral borders, ♦ occurs in a person who has a history of malignant melanoma or an increased risk of melanoma, 33 or ♦ is accompanied by nail dystrophy.
A streak that is wider proximally than distally represents growth of the lesion in the matrix.
Histopathology of Subungual Melanoma
Subungual melanoma commonly considered a particular form of acrolentiginous melanoma may be difficult to diagnose correctly. 34 Many patients suffering from subungual melanoma had already had minor surgery before the diagnosis was made. This is the consequence of patients' neglect as well as physicians' misdiagnoses, false biopsy techniques, and insufficient histopathologic techniques and knowledge. The importance of proper biopsy and histopathology for the prognosis cannot be overestimated. 4, 31 Migration of melanoma cells into suprabasal epidermal layers is a characteristic feature also seen in subungual melanoma. These cells and cell clusters eventually reach the nail plate. Therefore, clippings of subungual melanoma nail plates sometimes contain pycnotic tumor cells 35 which retain their protein S-100 positivity. 36 The histopathologic diagnosis of advanced invasive subungual melanoma is usually not difficult. Most subungual melanomas demonstrate a lentiginous pattern with pleomorphic, often dendritic atypical melanocytes being arranged singly or in irregular clusters in the basal and suprabasal epithelial layers. Sheets of melanoma cells either spindle, epithelioid, polygonal, small, dendritic, or bizarre and pleomorphic, extend from the epithelium into the dermis. Large round melanoma cells may be dispersed throughout the entire epidermis in a pagetoid (SSM-like) pattern. The nodular pattern is rare showing subepidermal tumor cells usually with few junctional cell complexes. Often, the overlying epithelium is necrotic. Desmoplastic subungual melanoma is rare but very difficult to diagnose. 30, 37 Immunohistochemical demonstration of protein S-100 or another melanoma marker such as HMB 45 aids in making the correct diagnosis.
To differentiate a benign melanocytic hyperplasia that may eventually develop into a benign junctional or compound nevus from the earliest changes of sub-ungual melanoma can be extremely difficult. The literature described many well-documented cases with histories longer than 20 or 30 years. These cases often started with a light-brown longitudinal stripe in the nail. We have seen three cases of subungual melanoma in situ with only a very light LM; however, pigmented bands were wider than 5mm. Serial and step sections are a must. Histopathology of Hutchinson's melanotic whitlow is virtually identical with the lentiginous pattern of acrolentiginous melanoma in situ of palms and soles. 35 
Prognosis of Subungual Melanoma
Even though fingernail and pigmented subungual melanomas are usually treated earlier the diagnosis of toenail melanomas is commonly delayed by 18 to 30 months. 18 Hence the prognosis of toenail melanomas is worse than that of fingernails. Recently reported series of ungual melanomas 18, 19, 23, 38 have shown an appalling number of patients with advanced invasive melanomas and many of these had been inadequately biopsied prior to definitive therapy. Tumor thickness was demonstrated to be the single most important prognostic factor on which further significant factors such as ulceration, mitotic activity, and vascular invasion depend.
Our own experience with more than 20 in situ and early subungual melanomas is in contrast to that from recently published series of (sub)ungual melanomas with very thick tumors. We believe that this is mainly due to the fact that any acquired longitudinal melanonychia as well as any periungual pigmentation no matter how light they might have been, had been totally removed and examined histopathologically using a large number of serial sections. 32 
